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The present invention relates to radio relay cycles, for example, together with the necessary 
systems and particiaarly to a transoceanic wide- directive antennas to furnish the communication 

band radio-relay system in. which aircraft carry channel. An independent service channel oper- 

. the relay eauipment. ating at a lower frequency. 150 to 500 megacycles, 

One object of the Invention Is to provide a 5 for example, and with substantially non-direc- 

transoceanic radio-relay system having sufficient tlve emission Is also provided. It includes a 

freouency band width to carry television picture beacon transmitter, and two directlpn finders on 

sisals. each craft. Installed also are servo controls for 

A further object of the Invention is to provide the microwave anteimas for orientation In azi- 

an. Improved mel^d of and means for relaying 10 muth in accordance with the direction-finder 

over- water radio signals that cover a wide fre- bearings supplied from the service channel, 

quency band. Stabilization In elevation may be provided by 

A still further object of the. Invention is to suitable gyro control means, or it may be provided 
provide an improved method of and meaxis for by servo controls in accordance with direction- 
relaying radio signals. 15 finder bearings. 

In accordance with the present invention the The airplanes are dispatched from the western 

radio relaying Is done by means of radio-relay terminal (New York) at regular intervals and 

equipment oh aircraft that fly from one terminal along the same route so as to space the craft 

to the other terminal, the aircraft departing at about 250 to 300 miles apart throughout their 

regular intervals with sufficient frequency to per- 20 eastbound flight. Each flies at 10,000 to 15,000 . 

mlt. radio transmission firom aircraft to aircraft feet or higher and thus, remains within line of 

so as to fonn a complete circuit ftom terminal to sight of both Its predecessor and successor, 

terminal. The aircraft may return in a similar Ground contact at the ends is shifted at regular 

manner to provide a second series of airborne intervals to each succeeding plane. A two-way 

relay stations which may be put in use . or held 25 wide-band circuit is thus established through 

in reserve. the single-file series of eastbound planes. A 

As will be explained in more detail hereinafter, duplicate and entirely separate two-way channel 

it is desirable to employ ultra high frequency is obtained by use of the westbound flights, 

radio waves for relaying since wide frequency Twelve to fourteen airborne relay stations are 

band transmission Is desired. Since such radio 30 required In each, circuit The . identity, of indlr 

waves do not provide, reliable transmission be- vidual ships is continually changing, of comrse. 

yond the horizon, the aircraft in the present sys- The circuits are in operation 24 hours a day. 

tem should fly at fairly high altitudes so as to The airplanes maybe either passenger or cargo 

reduce the number of planes required in the air type, the essential requirement being that they 

between terminal points at any one time. Si3 should be reasonably matched in air speed. The 

The invention will be better , understood from system is most economical when the radio ap- . 

the foUowing description taken in connection paratus conjstitutes a small poiilon of the total 

. with the. accompanying drawing in which: pay load. The regular radio operator aboard 

Figure 1 is a schematic and block diagram the .plane monitors the radio . communication 

illustrating :one embodiment of . the invention, 40 channel in flight. . .... 

Md ; Figure 1 shows, by way of example, the equip- 

- Figure 2 is a block diagram illustrating another ment that may be employed at the relay circuit . 

.embodiment of the invention. J ' • terminals and on. the, aircraft Unking the- two 

In the several .flgures of the drawing, similar terminals. T6 ^simplify the drawing, only .one 

parts are. Indicated by similar reference char- 45 terminal- is. shown. Indicated at W, and 01^ the 

acter^^ two aircraft i and 2 nearest the terminal W are 

Before referring specifically to the drawing, • shown, 

one possible system will be described generally The equipment shown below the terminal 

by way of example. It. will be assimied that a representation W is Installed at the terminal W 

relay circuit Is to .be established across the North 50 as Indicated by the bracket I Oi Similarly, the 

Atlantic from New York to London. In this ex- equipment shown below the aircraft I and that 

ample, the system is set up to provide a mini-. shown below the aircraft 2 are Installed -on the 

mum of two two-way radio-relay circuits, each aircraft ( and 2, respectively, as indicated by the 

flve~megacycles in intelligence band width. One brackets 1 1 and 12, 

of these two-way circuits may serve as the spare 55 •nie system comprises both - a communication 

for the other, 'Scheduled alrliiie planes act as chaimei and. a service channel as Indicated on 

,the radio-relay stations. Each is equipped with the drawing. The service channel Is primarily 

two. transmitters and two receivers operating in ' for m fl.<wfat^i^ifig the directiye anteimas of : each 

the microwave X^sflpn of 4ppO to lO,00p mega- relay station in the communication channel 
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pointed toward the adjacent relay station. The on the aircraft I comprises the antenna Aiw, a 
service channel may also be used for service mes- . coupler 1 4, a radio. repeater which may be divided 
sages between adjacent relay stations, for ex-. into a receiver Kie and a. transinitter Tie through 
ample. The service channel will be a comparar - which signal passes west to east, a coupler 1 6 
tlvely low power naxrow frequency tsand channel 5 and a directive antenna Aie. This relay equlp- 
and it may be expected that the signal -to-nolse- ment bIbo comprises a receiver Riw and a trans- 
ratio will be rather low. . mltter Tiv through which signal passes east to 

Referring to the communication channel, the west! 
eduipment at the west temiinal W. comprises'; a The signal on carrier /i piasses through coupler 
transmitter T>; a receiver Bo,, and a coupler 13 10 14 to the receiver Bie where it is demodulated, 
and a directive antenna Ao. SUnilar equipment . for example, and applied to the. transmitter 
is provided at the .east terminal which is not to modulate a carrier wave 'of frequency ft sup- 
shown. -•. • ' plied from a. csirrier source in transmitter Ti*, 

Transmitter To may be in any one of varioiis The signal on the new carrier then passes 
more or. less conventional designs employing am- 15 through the coupler 16 and is radiated from an-/ 
plitude, phase, frequency or single sideband mod- tehna Aie to the antenna Aaw of the relay equip- 
ulation. In the present example; it will be as-, "ment on .aircraft 2. .'• 

sumed that it. Includes a carrier wave source sup- . Instead of demodulating at Rie and remodulat- 
plying a carrier of frequency 6000 megacycles . ing at Tie,, other known methods for putting the ' 

"(indTcated by 70 which Is modulated by a televl- 20 signal oh the new carrier ft may be employed, 
sion signal of about 5 megacycles band width. For . example, one may . heterodyne down, to an 
The carrier of frequency fu may, instead, he intermediate frequency and then beat up to the . 
modulated by subcarriers which, in turn, are new radio frequency /2. . This last method gen- 
modulated by speech or the like, as Is well under- erally will be preferred because it is an aid to 
stood In the art. . A system employing subcarrlers 25 keeping low distortion of the. useful modulations, 
is. described, for example; in Patent No. 2^358,382, The communication channel relay on aircraft I - 
issued' September 19, . 1944 to W. L. Carlson; . . also comprises a radio repeater, which may com- 
The receiver JU^ is for receiving signal trans- prise the receiver Riw and ttie transmitter .Ttw 
mitted from the other terminal, the east ter- for east-to-west transmission, which may be de- 
minal in this Sample. If the transmission: is 30 signed the same as the westrtoreast. units ^le and 

"that of a television picture the receiver Ro . will. Tu.; In the present example... the east-to-west 
preferably include a television receiver, at leaist signal picked up by antenna Aijj Is. a. carrier of 
for monitoring purposes; In practice, video fre- frequency. /a and is paissed through coupler 16 
quehcy output power from receiver „ Ro would .. . to receiver Riw. The video frequency signal or 
prdbably be delivered to a distribution rietv/ork 35 other demodulated signal, is then, applied to trans- 
and carried to television transmitters for broad- matter Tiw where it modulates, a carrier wave of 
casting the picture. It. may also be delivered to frequency which tis.pass.eid through coupler 14 
theaters for showing to audiences. In other in- and radiated from antenna Aiw toward the an- 
stances the television channel may be occupied by tonna Ao of the torininal station; 
multiplexed communication channels to provide 40 jn .this case. also, it generally wlU be preferred 
telephone, telegraph, facsimile, business machine . to heterodyne to an intormediate frequency in 
and other types of service. receiver Riw and to heterodyne back up again in 

In the example Illustrated; the carrier frequen- . transmitter Tiw, to avoid distortions inherent In 
cies, of waves transmitted and received by. the .. . demodulation and remodulation of signals, 
antennas, /i and /2 are employed for transmis- 45 The communication channel relay equipment., 
sion west to east wlUle carrier frequencies fz on the other aircraft of the. relay chain are the 
and A are employed for transmission east to same .as on. aircraft I. except fpr adjustments for 

. west. The frequencies fu f^, ./s and /n may be. operating at the frequencies asdgned to the pax- 
for example. 6000 mc, 6050 mc, 6100 mc. and Ucular relay station. 

6150 mc.,. respectively. • 50. 'The relay equipment on aircraft 2, for example, 

The use of two ditCerent f requencies in a given comprisjss the directive antenna; Asw, a coupler 17/ 
direction of transmission is to avoid singing, or a receiver Rae and a transmitter Taa In the west- 
• uncontrolled oscillation, of .' the .repeaters as ia . to -east channel, a coupler 18 and a directive an- 
' well- known in the art. The use of different teima .A2e. It also, comprises a receiver R2w and 
frequencies in the west and east channels Is to 53 ^ transmitter Taw in the east- to -west channel. " 
provide channel separation. It . will be apparent It yrtll be seen the transmitter Tae is adjusted to 
that the coupler (3, as well. as. the other couplers supply signal to. antenna Aze at the carrier fre.r 
in the communication channel, may comprise quency /i and that the transmitter T2w is ad- 
frequency selective mters and. perhaps balancing . justed to supply signal to antenna :A27/ at the 
networks In. accordance with, conventional prac- CO Q^^iv&r freauenqy ./s; 

tice to prevent signal power from transmitter To . since aircraift 1", as It. nlQves away from termlr 
getting into receiver Bo, and to prevent received • ual W will be replaiced in. the chain by a later 
signal power on carrier /4 from passing Into the leaving aircraft set up to receive /a histead of fu 
circuit of . transmitter To. . . the teiinhml Wmu^Anclude means to ^ 

The couplers may be of the directional coupler on frequency of transmitter To to. either /i or /a fre- 
type. instead of the filter type.. Pbr example, quenicies at .the necessary intervals, or altema- 
the couplers may comprise the' well known 'tlvely and preferably. . transmitter To .may be 
maglc-T. Or the couplers may comprise both either one of two transmitters operable either 
filters and directional couplers or- balancing, ar- alternately or simultaneously for short periods, 
remgements. . : to facilitate adding airplane! stations to ttie 

Signal on carrier /i is passed from transmitter chain. - jSimUarly there must be means to switch 
To through coupler 13 to the directive antenna receiver, frequencies, or preferably to qpsrate two 
Ao and radiated to aircraft I where it Is picked * receivers simultaneously at the receiving termi-: 
upi'by k. directive antenna Aiwl : nal;to facihtate dropping /adrplane stations put. 

',:ilie.commtmicatlon channel 75. of. the chain, ' • : V .i" . , .. ' • ■ 
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The service cTiannel. 

. The main function of the service channel Is to. 
point each directive antenna at the communlca- 
tian channel in the proper direction for efficient 
transmission and reception. For exainpie, an- 
tezina Ao of the terminal W should be pelted 
toward the aircraft I, and the antenna Aiv of 
aircraft 1 should be pointed toward terminal W. 



other end, the terminal stations must provide 
for duplication and switching of beacon trans- 
mitters and receivers, or for periodic frequency 
switching, on account, of the periodically chang- 
ing operating frequencies. 

The service channel may also be used for com- 
munication between terminals and between air- 
borne relay stations by voice modulating the 

This function of the service channel is very im- ,^ Sn.^t^i^'rni^hnnp^^^^^^ 
portent because each of the directive microwave 10 f^^.^^^ 

tZi.^r.^r> o ^«HfoHr.T, >,oo»« tHo* and facadphones at the direction-finder receivers. 



antennas has such a narrow radiation beam that 
it must be oriented fairly accurately. 

Hgxare .1 illustrates one of ttie ways in which 
such antenna orientation may be accomplished 



Except for service communication between ad- 
jacent relay stations only, it Is necessary that the 
voice service signal or the like be relayed through 



off I oo^io. «ToHVr. v^t^^w tro^cmrA^^: 15 thc relay stations.. For west-to-east communica- 
Aircraf t I carries a radio beacon transmitter Bi ^ Te<iuliea that the audio output of. 

receiver Diw of "aircraft' 1 "be applied through a 
connection 26 to the modulator of beacon Bi, 
that the audio output of receiver Dav of aircraft 
2 be applied through a connection 27 to the 



which radiates - a . radio carrier signal of . fre-i- 
quency Pb from a non-directive anterma so that 
the beacon signal may be picked up from any 
direction. At the terminal W there is a self- 
orienting or automatic direction finder receiver 
Do provided with a loop antenna 19. The loop 
19 picks up signal from beacon Bi and automati- 
cally turns toward beacon Bi, that is/toward air- 
craft 1/ At the same time, the. antenna Ao is 



modulator of beacon Bs, etc; 

Similarly, for east-to-west service communica- 
tion the audio output of receiver Die of aircraft 
I is applied to beacon Bi through a connection 



. - . , «-™#4. I v« ^ «,<*rv.i« 25 28, the audio output of receiver Dae of aircraft 2 

turned toward^«^aXt « mear^^^ X^^^n ^ ^V^d to beacon Bs, through a connection 29. 

servo system So. In its sunplest form the servo- . '■ 
mechanism may comprise simply mounting an- 
tennas 18 and Ao on one mount and antennas 2 1 

and Aiw 30 east or east-to-west service communication, as 

more complicated control servo system, known in so HA.c1rprt roTnfnnnlr.9.Hrm in .thn r«vpr«e direetlon 

the art, may be used. 

In a similar fashion the antenna Aiw of air- 
craft I is turned toward the terminal W. This 
is accomplished by means of a radio beacon Bo chains 
located at the terminal W and similar to beacon 35 
Bi but operating on a different frequency Fa. At 



Switches are provided in the connections 26, 2 T, 
28, 29, etc. to connect through for either west-to- 



deslred. Communication in the reverse direction 
may be obtained In j;his case by connection 
around a loop comprising airplanes flying in both 
directions and making lip two parallel relay 



aircraft I the loop antenna 2 i of an automatic 
direction finder Div automatically turns towards 
the beacoii Bo, I. e. toward terminal W, and si- 
multaneously turns the antenna Ai^r of aircraft 
I toward terminal W, a suitable servo Siw being 
employed to turn antenna Aiw under the control 
of loop 21. 

Similarly, the antenna Aie of aircraft I is 
caused always to point toward aircraft 2, the 
antenna Mw of aircraft 2 Is caused always to 
point toward aircraft 1, the antenna Aae of air- 
craft 2 is caused ialways to point toward aircraft 
Z (not shown), etc. 

it v^l be seen that each aircraft carries a 
beacon transmitter and two automatic direction 
finder receivers; The cast terminal (not shown) 
is provided with a beacon transmitter and one 
automatic direction finder receiver. 

Aircraft. 2 carries the beacon B2 which trans-, 
mits a carrier wave of frequency Fc. At the air- 
craft I the loop antenna 22 of- direction finder. 
Dae turns toward beacon Ba of aircraft 2 so that, 
by means of a servo Sie, the. antenna Aie of air- 
craft I is turned toward aircraft 2. 

The action of the direction finders Daw and 
Dae on.aircraft. 2 in controlling the direction of 
antennas Aaw and A3e. respectively, by way of 
servos S2W and Sae will be apparent from the fore- 
going description. 

As. indicated in Figure i; at three successive 
relay stations the beacon carrier frequencies are 
Fa. Fb and Tc, Thus, a direction finder receiver 
which may be searching hi all dir^tlons cannot 



Figure 2 of the drawing shows a system simi- 
lar to that shown in Figure 1 except that the 
service channel comprises two radio beacon 
transmitters on each aircraft of the relay chain, 
^ At aircrafts i and 2 these beacons are Biv. Bio 
and B2v. B2e, respectively.. This arrangement 
permits simultaneous two-way transmission of 
service information or the like between the two 
terminal stations. 
As Indicated in Figiure 2. a total of six carrier 
43 frequencies are employed, three frequencies In 
each direction. These frequencies are represent- 
ed by reference characters Pi, F2, F3, F4, Ps, and Po. 
The six frequencies may be, for example, 300 mc. 
805 mc, 310 mc. 315 mCi, 320 mc. and 325 mc. 
60 It will be imderatood . that the microwave an- 
tennas may be oriented by a combination of gyro 
and direction finder control. For example, they 
may be oriented in azimuth by means of a gyro 
system to which corrections are applied by the di- 
55 rection finders. 

Self-orienting or automatic radio direction 
finders are well known in the art. A direction 
finder of this type is described, for example, in 
. Patent No. 2,314,029, issued March 16, 1943 to D. S. 
6U Bond and W. L. Carlson. 

Faults in the service channel may be located 
as described in application Serial No. 696,566, filed 
September 1 2, 1946 in the name of Donald S. Bond 
et al., now Pat. No. 2,514,357 issued July 11, 1950. 
66 For example, it will be evident that in the system 
shown in Figure 2. a carrier frequency modulated 
; by an audio-frequency tone may be transmitted 
from beacon Bo at terminal W and the tone trans- 
mitted bacl£ from any one of the relay stations 



pick up a signal that wiU turn it in the wrong applying the tone to the beacon transmitting 

direction. The frequencies Fa, Fb. and Pc may ^ ^he west terminal. P6r instance, at aircraft I 

be 300 mc. 805 mc. and 310 mc, for example. , the receiver Div may have its audio output applied 

However, it should be noted that, in prder.that to beacon Bi« instead of to beacon Bu by means of 

airplanes may be added at intervals at one fsnd a switch (not shown).- Jt the tone is received 

of the cbsdn. and taken out at intervals at the 75 saidsfactori^ at the tenninal receiver Do it means 
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tliat this particular loop of the circuit is satis* 
factory. Thus the circuit may be tested through 
successive.relay stations to locate a pircuit faiat. 
. We claim as. our invention! : 

i: Radio relay, apparatus and antenna .direc- 5 
tional control apparatus therefor, said relay and 
control apparatus to be carried by an aircraft to 
function as one relay station of a chain of relay 
stations, said radio relay apparatus' comprising 
a radio receiver and. a directional receiving an- 10 
tenna therefor and further comprising a radio • 
transmitter and a directional transmitting an- 
tenna therefor, said control apparatus compris- 
ing a radio beacon transmitter and a nonrdirec- 
tibnal antenna therefor for radiating a radio 15 
wave therefrom, said control apparatus further 
■comprising an automatic, direction' finder and. 
means coupling said finder to said directive re- 
ceiving antenna to cohtrol its direction and fiur-^ 
ther comprising a second automatic direction 20 
finder and means coupling said second finder to 
said directive transmittii^, antenna to control 
its direction. 

2. Radio relay apparatus and antenna direc- 
tional control apparatus therefor, said relay and 25 
control appjaratus to be carried by an aii'craf t to 
function as one relay sta,tion of a chain of relay . 
stations, said radio relay apparatus comprising a 
radio receiver and a directional receiving antenna . 
therefor and- further comprising a radio trans- 30 
-mltter and: a directional transmitting; antenna . 
therefor, sadd control apparatus comprising two. 
radio beacon. transmitters operating at different* . . 
cairFler frequencies, each beacon having a non- 
directional antenna for radiating a radio wave 35 
therefrom, said control apparatus further com- 
prising an automatic direction finder tuned to 
one of the beacons of one adjacent aircraft of 
said chain and means coupling said finder to. . 
said directive receiving antenna to control its 
direction and keep it pointed . toward said one 
adjacent, aircraft and fturther comprising a sec- 
ond automatic direction finder tiined to one of 
the beacoiis 6f the other adjac^t aircraft of said 
chain and means coupling, said second finder to - 
said directive transmitthig antenna to control its 45 
direction and keep it pointed toward said other 
adjacent aircraft. .'• . 

: 3. Radio relay apparatus and antenna direc- 
tional control apparatus therefor, said relay and 
control apparatus to be carried by an aircraft to 50 
function as. one relay station of a chain of relay 
stations, said radio relay apparaitus comprising a 
radio receiver and a directional receiving an- 
tenna therefor and. further comprising a radio 
transmitter and a directional transmitting anr 55 
tenna therefor, said control apparatus comprlslng- 
a radio beacon transmitter, and a non-directional 
antenna therefor for radiating a radio wave there- 
from, said control apparatus' further comprising 
an automatic direction finder and means coupling. 00 
said finder to said directive receiving antenna to. 
control its direction and further comprising a sec- . 
ond automatic direction finder and means cou- 
pling said second finder to said directive- trans- 
. mltting antenna to control its direction, and 65 
means for supplying the signal, output of at least 
one of said direction finders to said beacon trans- 
mitter for modulating thei beacon carrier wave 
whereby said control apparatus may be utilized 
for communication or testing. 70 

4. Radio, relay apparatus and antenna; dlrec- 
tional .control apparatus therefor, said relay and 
control apparatus to be carried by an airci^t to 
function as one. re£U^ station of a chain of relay ; 
stations, said radio .relay apparatus comprising a * 75 
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radio receiver .and a directional receiving an- 
tenna therefor and further comprising a radio 
transmitter and a directipnal transmitting an- * 
tenna therefor, said control .apparatus cbxnprisr 
ing two radio beacon transmitters each haying 
a noiir directional antenna for radiating radio 
waves therefrom, said beacons operating at dlf- . 
ferent carrier frequencies, said control apparatus 
further comprlshig an automatic direction finder 
and means coupling said finder to said directive . 
receiving antenna to control its direction and 
further comprising, a second automatic direction 
finder and mesms. coupling said second finder 
to said directive trarismitting anteima to control 
its direction, means for supplying the signal outr 
put of. one of said direction finders to one of said, 
beacon trazismittjers for .modulating* its .carrier 
.wave, ax^d means for supply ing the signal output . 
of the other of said direction finders to the other 
of said beacon transmitters for modulating its 
carrier wfive wherel?y.5ald..coiqitrpV.ap 
be utilized for two-^way communication or testing. 
. ..5. A .commipiic£vttpp,jsy§tem comprising a plu- 
rality of airborne radio relay staUbns, each sta-r 
tion cpmpri^ng a ra^ilQ relay haying a directive 
receiving antexina .and a directiive . transmitting 
anteima, each stiatipii furtl^er comprising a radio 
beacon transmitter, that transmits a radio wave 
of frequency Pi from a .npn-directive anteiina, ■ 
each station further comprising a pair of auto^. 
matlc direction 4nders, on? said direct4pn 
finders being timed to a Isje^cpn radio wave pf 
fregiiency F2 wihiph is trsu:^sbdttpd frqin the same 
relay statipn frpm Wfcidi said dirpctlye i^elying 
antenna is receiving ,s|g|iftl, means whereby said 
one direction finder ppntrpjs .the dlrectipn of said 
directive receiving ftntejpna to make it point to- 
ward said last-mentioned Tplay statipn, the other 
of said direction findqrs.rbelng tuned to a beacon 
radio wave of f frequency ^ which is transmitted 
from the. same relay station to which said direc- 
tive transmitting antenna ip radiating slgng,!, and 
means whereby said other direction finder con- 
trols the direction of said directive transmitting 
antenna to make it point toward said relay sta- 
tion to which -said transmitting anteiina is ra- 
diating signal.- 

- 6. A communication system. comprising a' plu- 
rality of airborne ra<Uo reUiy stations, each sta- 
tion comprising a wide band microwave radio 
relay having a sharply directive receiving an- 
teima .-and a sharply directive transmitting an- 
tenna, each station further comprising ia .radio 
beacon transmitter that transmits a radio wave 
of comparatively low carrier frequency Fi from 
a non-directive antenna, each station further 
comprising a pair of automatic direction finders, 
one of said direction finders being tuned to a 
beacpn radio wave, of camparatively low carrier 
frequency Pa which Is transmitted frorn the same 
.relay statipn from which said directive receiving 
antenna is recj?iving signal, me^ns whereby said 
one. direction finder orients said directive, receiv- 
ing antenna ^to make it p6;nt . toward said last- 
mentioned relay statloii, the other of said direc- 
tion finders ^eing timed to a. beacon radio wave 
of pompara^tiveJy .low carrier frequejicy which 
is transnitted from the ss-me relay station to 
which said directiye transmitting, antenna is ra- 
diating signal, and .me^ whereby said other 
..direction: JElnder orients said dlrectiy^e transmit- 
: ting antenna .to .inake:lt point towarji said r§lay 
9tati6n to wMch said tfan^ittlng. aiitenna is 
radiating -signal. ■ . 
7; Radio .r^y- apparatus' and antenna direc- 
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tional control apparatus therefor, said relay and 
control apparatos to be carried by ail aircraft 
to function: as one relay station of a chain. of 
relay stations, said radio relay apparatus com- 
prising a radio, receiver and a directional receiv- 
ing antenna therefor and further comprising a 
radio tsransmitter and a directional transmitting 
antenna therefor, said control apparatus com- 
prising two radio beacon transmitters, each oper^ 



a first automatic direction finder on said aircraft, 
said, direction finder Including means for orient- 
ing said directive antenna in response to a signal 
from a first remote antenna, a second directive 
antenna, a second direction finder including 
means for controlling the direction of said sec- 
ond directive antenna in res3;>onse to a signal 
from a second reniote antenna, means for modu- 
lating signals Impressed upon said first directive 



atlng at a different carrier wave frequency, each lo antenna in accordance with signals derived from 



of. said beacon transmitters having a non -direc- 
tional antenna for radiating a carrier wave there- 
from, said control apparatus further comprising 
an automatic direction finder and means cou- 
pling said finder to said directive receiving an- 15 
tenna to control its direction and further com- . 
prising a second automatic direction finder and 
m'eaiis coupling siaid second finder to said direc- 
tive transmitting antenna to control its direction. 



said second directive antenna, and means for 
modulating signals impressed on said second 
directive antenna in accordance with signals 
derived from said first directive antenna. 

11. Badiq relay apparatus and antenna direc- 
tional contxol apparatus therefor, said relay and 
control apparatus to be carried by an aircraft 
to function as one relay, station of a chain of 
relay stations, said radio relay apparatus com- 



8. A communication sy^^tem comprising a chain 20 prising a radio receiver and a directional receiv- 



of airborne, radio relay stations, each station 
comprising a radio relay having a directive re- 
ceiving antenna and a directive transmitting 
antenna, each station further comprising two 



Ing antenna therefor and further comprising a 
radio transmitter and a directional transmitting 
antenna therefor, said control apparatus com- 
prising a radio beacon transmitter and an 



radio beacon transmitters that transmit radio 23 antenna therefor for radiating a radio wave 



waves of frequencies Fb and Pd, respectively, 
from non-directive antennas,- each station fur^ 
ther comprising a pair of automatic direction 
finders, one of said direction finders being tuned 
to a beacon radio wave of frequency Fa which 
is. transmitted from the same relay station from 
which said directive receiving antenna is receiv- 
ing signal, means whereby said one direction 
finder controls the direction of said directive re- 



therefrom, said, control apparatus further com- 
prising an automatic direction finder and means 
coupling said finder to said directive receiving 
antenna to control its direction and further com- 
prising a. second: automatic direction finder and 
means coujsling. said second finder to said direc- 
tive transmitting antenna to control its direction. 

12. In a radio, relay system, radio communi- 
cation apparatus and antenna directional control 



ceivlng antenna to make it point toward said 35 apparatus therefor, said communication and con- 



last-mentibned relay station, the other of . said 
direction finders being tuned to a beacon radio 
wave of frequency Fc which is transmitted from 
the same relay station to which said directive 



trol apparatus being located in one station in a 
chain having aircraft relay stations, said com- 
mimication apparatus comprising a radio receiver 
and a radio transmitter both coupled to direc- 



transmltting antezuia is radiating signal, means 40 tional antenna means, said control apparatus 



whereby said other direction finder controls the 
direction of said directive transmitting antenna 
to make it point toward said relay station to 
which said transmitting antenna is radiating 



comprising a radio beacon transmitter for con- 
trolling apparatus at an adjacent aircraft relay 
station in line of sight , of said one station and 
an antenna therefor for. radiating a radio wave 



signal, means for applying signal from said one therefrom of a frequency appreciably removed 
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direction finder to one of said two beacons to 
modiUate its carrier wave, and means for apply- 
ing signal from said other direction finder to the 
ottaiGir ot said two beacons to modulate its carrier 
wave. 

9. Radio relay apparatus and antenna direct 
tional control apparatus therefor, said relay and 
control apparatus to foe carried by an aircraft 
tb.^ function as one relay station of a chain of 
rjBlay stations, said radio relay apparatus com- 
prising a radio receiver and a directional receiv-. 
ing antenna therefor and further comprising a 
radio transmitter and a directional transmitting 
antenna therefor, said control apparatus com- 
prikiig a radio beacon; transmitter and a non- 
directional antenna therefor for radiating a radio 
wave herefrom, said control apparatus further 
comprising an automatic direction fiinder re- 
ceiver and servomechanlsm coupling said finder 
receiver to said directive receiving antenna to ^5 
control Its direction and further comprising a 
second automatic direction finder receiver and 
servomechanlsm coupling said second finder re- 
ceiver to said directive transmitting antenna to 
control its direction. 

. 10. Radio relay apparatus and antenna direc- 
tional control apparatus for each aircraft of a 
system wherein a plurality of radio-relay carry- 
ing aircraft are to relay signals from one aircraft 



from the frequency of the wave radiated by said 
communication radio, transmitter, means for 
modulating the wave radiated from said beacon 
transmitter to provide a service channel for the 
50 relay stations In said system, said control appa- 
ratus further comprising automatic direction 
finder means and means coupling said finder to 
and controUii^ said directional antezma means. 
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